Walker Warburg syndrome (WWS) lies at the severe end of the spectrum of the congenital muscular dystrophies. WWS is a congenital disorder of the O-glycosylation that disrupts in the post-translation modification of dystroglycan proteins. WWS is characterized by the involvement of the central nervous system and rarely by multisystem involvement. Next-generation sequencing discovered that multiple genes are associated with this disorder. FKTN is the rarest cause of WWS. We describe a clinical-autopsy report of a molecularly-confirmed WWS case presenting with ventriculomegaly, agenesis of the corpus callosum with a novel phenotype of Dandy-Walker malformation and unilateral multi-cystic kidney. The whole-exome sequencing confirmed a homozygous variant (c.411C>A) in the FKTN gene with a premature termination codon. This case emphasizes the importance of detailed postnatal phenotyping through an autopsy in any pregnancy with antenatally identified malformations. Obstetricians, pediatricians as well as fetal medicine experts need to counsel the parents and focus on preserving the appropriate sample for genetic testing. WWS, though rare deserves testing especially in the presence of positive family history. Dandy-Walker malformation is a novel feature and expands the phenotypic spectrum.
CASE REPORT
A non-consanguineously married couple p r e s e n t e d t o t h e g e n e t i c c e n t e r w i t h f e t a l malformations detected on the level II ultrasound. The nuchal translucency measured at 12 weeks was 1.1 mm (Reference value [RV] less than 2.5 mm) at a crown-rump length (CRL) of 66 mm. The anomalies detected on the level II scan at 21 weeks of gestation included bilateral ventriculomegaly (right ventricle -18.1 mm; left ventricle -20.1 mm (RV<10 mm) and dangling choroids. The posterior fossa showed a direct communication between the fourth ventricle and the cisterna magna, suggestive of Dandy-Walker malformation (DWM). The right kidney was multi-cystic and measured 45 mm (RRange; 16-30). The left kidney had a normal shape and size. Right-sided congenital talipes equinovarus was also identified. Their first pregnancy was terminated due to an antenatally detected ventriculomegaly at 18 weeks. Unfortunately, a genetic study was not performed in that opportunity.
Due to the current pregnancy ultrasonographic findings, the couple was advised to perform genetic testing to identify the likely etiology and were informed on the dismal prognosis of the fetus. The pregnancy was terminated with 26 weeks of gestation, and the couple authorized a post-natal evaluation and autopsy.
Autopsy Findings
On the corpse gross examination, there was no facial dysmorphism ( Figure 1A ). Fetal weight was 652 gm, the head circumference was 26 cm CRL 23.5 cm, all these measurements corresponded to 25-26 weeks of gestation. Contractures were noted in the fingers and bilateral elbow joints ( Figure 1A, 1B) . Right-sided congenital talipes equinovarus was present, along with a rocker bottom foot on the left side ( Figure 1B ).
The abdomen was opened with a paramedian incision. The liver, spleen, and intestine were grossly normal. On dissection in the retroperitoneal fossa, the right kidney was grossly enlarged, occupying almost half of the abdominal cavity ( Figure 1C ). The left kidney was normal in appearance and on the cut section. Both ureters and bladder were normal. No genital anomalies were identified.
The cranial cavity was opened and examined. Grossly the cerebral hemispheres were normal.
However, the agenesis of the posterior part of the corpus callosum was present, better appreciated on separating the two cerebral hemispheres (Figure 2A ). At an axial section of the brain, a severe bilateral ventricular dilatation was depicted ( Figure 2B ). The incision was extended posteriorly up-till the cerebellum and cervical part of the spinal cord. The posterior fossa revealed enlarged cisterna magna and a DWM ( Figure 2C ). Cardiac dissection did not reveal abnormalities, and the remaining systemic examination was normal.
A chromosomal microarray (AGILENT -180K) was reported to be normal. Due to the recurrence of fetal malformation in subsequent pregnancies, a strong suspicion of a genetic disorder was raised, and therefore a trio whole-exome sequencing was advised.
Molecular Testing
T r i o w h o l e -e x o m e s e q u e n c i n g r e v e a l e d a homozygous variant, c.411C>A; (p.Cys137Ter) (ENST00000223528.2) (chr9:108366537C>A) in the FKTN gene. The p.Cys137Ter variant has a minor allele frequency of 0.02%, 0.004% in the 1000 genomes, ExAC. The reference codon is conserved across mammals. It is likely pathogenic according to the modified ACMG criteria (PVS1+PS4+PP3+PP4+PP5), known to cause congenital muscular dystrophy-dystroglycanopathy with brain and eye anomalies (type A).
The variant was validated by Sanger sequencing, and the segregation analysis in the parents revealed the variant to be present in a heterozygous state in both the mother and the father.
DISCUSSION
Impaired O-glycosylation of the alpha-dystroglycan causing congenital muscular dystrophies is a clinically and genetically heterogeneous group of autosomal recessive muscular dystrophies with variable neurological and ophthalmic involvement. 1 Fukuyama congenital muscular dystrophy represents a continuum of phenotypes, starting from the mildest Fukuyama muscular dystrophy, the more severe muscle-eye-brain disease to the antenatally detectable most severe Walker-Warburg-syndrome (WWS). 2 Specific clinical criteria have been described to define the WWS. 3 We present our patient as the WWS due to the severe fetal phenotype.
To the best of our knowledge, only 5 families with FKTN gene associated Walker-Warburg syndrome have been reported so far [4] [5] [6] [7] (Figure 3) . We report the first clinic-autopsy-molecular correlation of the WWS caused by the FKTN gene. DWM was identified in the fetus, which had not been earlier described, thus expanding the phenotypic spectrum of the disease. The most striking finding was the presence of an enlarged multicystic dysplastic kidney that was also identified in our case. The renal involvement, observed in our case, can be explained due to defective glycosylation of the dystroglycans, also occurring in the renal parenchyma, as the FKTN gene is also expressed in the kidney. Antenatal presentation of cystic kidneys has been earlier described in the literature in association with glycosylation defects. [8] [9] [10] The uniqueness of the present case also lies in unilateral renal involvement. This is rather unusual for a genetic disorder which generally presents with symmetrical organ involvement. One explanation could be the co-existence of a unilateral pelvicureteric junction obstruction and causing a multicystic dysplastic kidney (MCDK). Ureteropelvic junction obstruction also one of the commonest abnormalities detected by antenatal ultrasound with an incidence of approximately 1 in 3640 births. 11 Another possibility is the occurrence of somatic renal epithelial lining leading to cystic kidneys or a local epigenetic mechanism causing the disease.
The variant in the FKTN gene, c.411C>A detected on WES leads to premature truncation of the protein at the 137 th amino acid. This variant has been reported previously by Sframeli et al. 12 The mutational spectrum of the FKTN gene has been shown in Figure 2 . Interestingly half of these are present in exon 5. Further, molecularly diagnosed cases are required to establish this as a hot spot.
Genetic Counseling
This disorder follows an autosomal recessive mode of inheritance. The risk of recurrence for the disorder in the family is 25% in subsequent pregnancies. Options of prenatal, as well as pre-implantation genetic diagnosis, should be explained to the parents.
CONCLUSION
In conclusion, this report adds to the phenotypic spectrum of Walker-Warburg syndrome. Further, the truncating variant causing a severe phenotype establishes the genotypic-phenotypic correlation. We also aim to highlight the importance of saving the crucial samples after a detailed post-evaluation for genetic testing, especially in the presence of positive significant family history to future reproductive counseling.
